Anaemia can affect up to 90% of patients by day three in the intensive care unit (ICU) 1 . The cause of anaemia in ICU is multifactorial, including iatrogenic blood loss from repeated blood-taking for diagnostic tests 2 . Therefore packed red blood cell (PRBC) transfusions are also common, occurring in up to 44% of critically ill patients 1 . However, blood transfusions are not innocuous: apart from the usual risk of transfusion-associated infections, fluid overload and acute lung injury, they are associated with increase in mortality, ventilator-associated pneumonia 3 , hospital length of stay and economic costs 4, 5 .
The use of blood conservation devices has proven promising in reducing iatrogenic blood loss from diagnostic testing [6] [7] [8] . These devices work by conserving and returning blood drawn out just prior to the blood sampling. We have previously shown that with a restrictive transfusion strategy 9 , saving repeated small volumes of blood can translate to an overall reduction in PRBC transfusion requirements and preservation of haemoglobin (Hb) 10, 11 .
Nonetheless, the use of such devices leads to additional cost and it is likely that not every patient will benefit. Using data from our previously reported before-and-after study conducted from 2008 to 2009 11 , we aimed to test our hypothesis that these devices will not significantly alter the Hb trend for patients with relatively normal levels of Hb on admission.
METHODS

Study design
This is a sub-group analysis of a previously reported before-and-after study conducted in the 12-bed medical ICU of our university hospital 11 . The 'before' period included patients from January to June 2008 (control group). In the active group a blood conservation device was used from the start of the 'after' period, from July 2008 to March 2009 (active group). The study was approved by our institutional review board and ethics committee. Informed consent was obtained in the active group. Requirement of consent was waived for the control group.
Patients
We included all patients admitted to the medical ICU who 1) were aged 18 years and above;
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2) were expected to stay more than 24 hours; 3) had an indwelling intra-arterial catheter inserted and 4) had Hb levels of 115 g/l or more on admission to the ICU. We excluded patients who 1) were expected to stay less than 24 hours, 2) had active gastrointestinal or other bleeding as the primary cause of ICU admission, or 3) had any blood transfusion. We had intentionally excluded patients with any blood transfusion during their ICU stay, as blood transfusion would buffer any drop in Hb. The following data were collected prospectively: patient demographics, Acute Physiology and Chronic Health Evaluation (APACHE) II score, daily Hb levels from ICU admission until day 10 and just before any PRBC transfusion, details of PRBC transfused, need for any renal replacement therapy (RRT), ICU length of stay and mortality. For the patients who died in ICU, the last Hb before death was recorded. Patients were followed up until hospital discharge, death or up to 28 days of ICU stay, whichever was later.
Interventions
We used the venous arterial blood management protection system (Edwards Lifesciences, Irvine, USA) for the active group, as described in our previous study 11 .
Statistical analysis
Continuous variables were expressed as mean ± standard deviation and compared using Student's t-test. Categorical variables were expressed as proportions and compared with the Fisher's exact test. All statistical tests were two-sided and P <0.05 was considered significant. Multivariate analysis of Hb trend was done using the general linear model controlling for gender, age, duration of ICU stay, RRT duration (hours) and APACHE II score. Statistical analyses were conducted using SPSS 17.0 (Chicago, Illinois, USA).
RESULTS
Patient enrolment is shown in Figure 1 . Out of a total of 250 patients (80 patients in the control group, 170 patients in the active group) in the original study, a total of 128 patients were available for this sub-group analysis. Fifty patients did not receive the blood conservation device (control group), while 78 patients used the device (active group). For the whole cohort, mean age was 60.6±18 years, 66% were men, mean APACHE II score on day one of ICU admission was 18.4±7.9, ICU and hospital mortality were 18% and 28.9% respectively, and the patients stayed 6.4±4.7 days in the ICU. The two groups did not differ significantly in their baseline characteristics or clinical outcomes (Table 1) .
Univariate comparisons of Hb across time showed no statistically significant differences ( Figure 2 ). Multivariate analysis using the general linear model controlling for gender, age, duration of ICU stay, RRT duration (hours) and APACHE score did not reveal any significant interaction between the use of the blood conservation device and the Hb decline while in the ICU (P=0.660). The rate of Hb decline was 4.86 g/l/day (rate of decrease 3.4% per day, 95% confidence interval 5.91 to 3.8) in the control group and 4.58 g/l/day (rate of decrease 3.1% per day, 95% confidence interval 5.38 to 3.77) in the active group (P=NS).
DISCUSSION
Our results show that for patients with preserved Hb (as defined by Hb ≥115 g/l) on admission to ICU, the use of a blood conservation device does not alter the subsequent rate of Hb decline. We defined 'preserved' Hb (≥115 g/l) based on previous studies where mean admission Hb levels were 110 to 113 g/l 1,2 . Previous studies, have shown that use of a blood conservation device led to better preservation of Hb in ICU 8, 11 . However, no such difference was found in this sub-group analysis with higher Hb on admission.
Patients in ICU require multiple phlebotomies for various laboratory tests, more than patients in the general ward 12 , especially in the first 24 hours of admission when approximately 41 ml of blood is lost 13 . The presence of an indwelling central venous or arterial catheter makes blood sampling easier 2 and therefore contributes to the iatrogenic anaemia as the first few millilitres of infusate-blood mixture obtained when collecting blood from a fluid-infusing catheter is discarded. Use of a blood conservation device leads to the preservation of such discarded volumes 6 , thus maintaining the Hb. In our previous study we have shown that use of a blood conservation device leads to less PRBC transfusion 11 in the setting of an evidence-based restrictive transfusion practice 9. However lowering Hb to the transfusion threshold is dependent on many factors, including admission Hb, severity of illness 13, 14 and frequency of phlebotomy. The present study shows that a blood conservation device is not useful in preventing anaemia in patients with relatively preserved Hb at admission.
Anaemia remains the main reason for blood transfusions in ICU 1 and measures to prevent anaemia should logically lead to decreased PRBC transfusion. Apart from direct cost, PRBC transfusion is associated with other known risks. Blood-borne infections, non-infectious complications including allergic, anaphylactic and haemolytic transfusion reactions, transfusion-related acute lung injury and transfusion-associated circulatory overload are common and lead to significant morbidity and mortality 15 . Recently published studies also show that blood transfusion in ICU is associated with increased risk of infection 16 , ventilatorassociated pneumonia and acute respiratory distress syndrome 3, 17 . Unfortunately, the use of erythropoietin does not avoid blood transfusion in critically ill patients 18 . One way to reduce blood transfusion is to adopt a restrictive rather than a liberal transfusion strategy. Hebert et al demonstrated that maintaining Hb in the range of 70 to 90 g/l is at least equivalent to maintaining Hb levels greater than 100 g/l with blood transfusion 9 . A second way to reduce blood loss through phlebotomy is to use paediatric-sized instead of larger adult-sized tubes for blood sampling 19, 20 . Another way to reduce the need for blood transfusion is to mitigate blood loss during phlebotomy using blood conservation devices 11 . However, we recognise that not every patient in the ICU would need specialised blood conservation devices. Our results give guidance to the group which is more likely to benefit from blood conservation.
In our study, the Hb levels declined throughout the first 10 days of ICU stay, with the greatest drop occurring between days one and two. This is consistent with the CRIT study 1 , which also showed that when the baseline Hb is above 120 g/l the chance of PRBC transfusion is low and if transfused, time to first transfusion is longer. Our study adds to this knowledge: the additional use of a blood conservation device is unlikely to change the above course.
It is well-known that frequent phlebotomies in ICU lead to increased blood loss during the admission. Venesection alone accounted for blood loss of averaging 85 ml on the first day and 66 ml thereafter in a survey of ICUs in Britain 21 . Von Ahsen and colleagues have shown that the total amount of diagnostic blood loss remains the most significant factor for subsequent transfusion 22 and arterial blood gas analysis remains the most frequent source of diagnostic blood loss 23 . If diagnostic blood loss contributes to anaemia and use of a blood conservation device leads to preservation of the discarded blood volume, why does this sub-group analysis fail to show any beneficial effect of such a device on the Hb trend? Our data suggest that patients with higher admission Hb were less sick (as compared by APACHE II score) and received less RRT (data not shown). Most patients on RRT received citrate anticoagulation, which again required frequent arterial blood gas sampling. This is in accordance with previous studies which showed that sicker patients require more diagnostic blood tests 13, 14 and hence are at greater risk of anaemia. These patients would therefore benefit more from a blood conservation device. It is likely that the less sick patients in this sub-group analysis received fewer phlebotomies and RRT and therefore a blood conservation device was less effective in this group of patients.
There are several important limitations to our study. The original study was a before-and-after study and given the limitations of a historical control study, the results need to be confirmed with a prospective randomised controlled tiral. This subgroup analysis of data was planned, but due to the design of the original before-and-after study, a sample size calculation of the sub-group analysis was not possible. We have chosen 'preserved' Hb (≥115 g/l) based on previous studies and it is unlikely that a higher Hb on admission will alter the results. Phlebotomy data were not collected in either the control or active group. We studied patients in our medical ICU only and our results need to be confirmed in a wider patient population including other ICUs. We collected Hb data up to a maximum of 10 days in the ICU, and it is unknown if blood conservation devices will benefit long-stayers beyond that time. However, this is unlikely as the rate of phlebotomy declines with length of stay 1, 13 . Lastly, we used the venous arterial blood management protection device and it remains to be seen if our findings are applicable to other blood conservation devices.
In conclusion, for patients with preserved admission Hb to the ICU (≥115 g/l), use of a blood conservation device does not affect the subsequent rate of Hb decline. It is therefore unlikely that these patients will benefit from the use of such devices.
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